AbStrAct
Paleomagnetic, geochemical, and tectonostratigraphic data establish that plate tectonics has been active since at least 3.1 Ga. reliable paleomagnetic data demonstrate differential horizontal movements of continents in Paleoproterozoic and Archean times. Furthermore, the dispersal and assembly of supercontinents in the Proterozoic requires lateral motion of lithosphere at divergent and convergent plate boundaries. Wellpreserved ophiolites associated with island-arc assemblages and modern-style accretion tectonics occur in the Paleoproterozoic trans-Hudson orogen of the canadian Shield, the Svecofennian orogen of the Baltic Shield and in the Mazatzal-Yavapai orogens of southwestern laurentia. these rocks have trace element signatures almost identical to those found in rocks of modern intra-oceanic arcs and include ore deposits typical of modern subduction settings. the discovery of Archean eclogites in the eastern Baltic Shield; the presence of late Archean subduction-related Kuroko-type volcanogenic massive sulfide deposits in the Abitibi greenstone belt of the canadian Shield; the discovery of mid-Archean island arc volcanics, including the oldest known boninites and adakites; and isotopic data from the world's oldest zircons all argue for modern-style subduction processes possibly back to the Hadean. Seismic images of preserved Paleoproterozoic and Archean suture zones further support this view. these data require a tectonic regime of lithospheric plates similar to the Phanerozoic earth. iNtroDuctioN earth's surface is sculptured by plate tectonics and reflects the presence of a rigid surface layer, the lithosphere, which is broken into a series of plates that move horizontally with respect to each other. this motion is a response to heat loss and cooling within earth's interior, and also occurs through episodic emplacement of mantle-derived magma in large igneous provinces. the relative contribution of, and control exerted by, these two mechanisms of heat loss may have varied through time perhaps in response to decreasing heat flow (e.g., Davies, 1999) . thus, how long plate tectonics has been earth's modus operandi is debated (eriksson et al., 2004) . We outline criteria and evidence for the operation of plate tectonics in the Precambrian 1 . Arguments against plate tectonics generally invoke either the absence of specific features (e.g., ophiolites, ultrahigh-pressure 1 the Precambrian covers the period of earth's history prior to 542 Ma and consists of the Hadean (pre-3.8 Ga), Archean (3.8-2.5 Ga), and Proterozoic (2.5-0.54 Ga).
GSA Today: v. 16, no. 7, doi: 10.1130/GSAt01607.1 rocks) or differences between modern and ancient rock associations (e.g., komatiites generally only found in the Archean) and structural styles, and cite temporal changes in earth's heat flow as an underlying cause for these differences (e.g., Davies, 1999) . Such comparisons ignore or minimize the significant similarities in data sets between modern and ancient rock sequences and, by inference, tectonic processes (Windley, 1995) . criteriA establishing evidence for or against the operation of plate tectonics requires a clear understanding of its distinctive and unique features, which are preserved within the rock record. We consider the most crucial feature to be the differential horizontal motion of plates, resulting in significant changes in their spatial relationship over time. Many geological features, such as rift zones, continental margin depositional environments, calc-alkaline volcanic-plutonic belts, lithospheric sutures, and orogenic belts follow from this plate motion process.
Differential plate motion gives rise to divergent, transform, and convergent plate boundaries. Divergent motion results in the development of rifts and passive margins on continental lithosphere and oceanic lithosphere at mid-oceanic-ridge spreading centers. convergent motion through subduction leads to growth of continental lithosphere through the addition of magmatic arc systems ( Fig. 1 ) and, ultimately, to collision between buoyant pieces of lithosphere. Orogenic belts initiated, formed, and deformed within a Wilson cycle tend to be linear, in contrast to tectonic elements formed through non-plate tectonic processes, such as large igneous provinces, which tend to be more equidimensional. However, not all features generated through plate motion are unique to this process. For example, lithospheric extension and dike emplacement could also occur in a mantle plume-dominated environment (Fig. 1) . We suggest that paleomagnetic evidence for independent lateral motion of lithospheric blocks, geochemical data for magmatic arc activity and associated ore deposits related to subduction of oceanic-type lithosphere, seismic imaging of fossil subduction zones, and tectonostratigraphic associations indicating assembly of continental lithosphere along linear orogenic belts demonstrate that plate tectonics has been an active component of earth processes possibly since the formation of the first continental crust at >4.3 Ga.
PAleomAGNetic eViDeNce
Phanerozoic apparent polar wander paths are reasonably well established for major continental blocks, but this is not the case for the Precambrian due to a propensity for overprinting by younger processes. Despite a significant Precambrian paleomagnetic database (Pisarevsky, 2005) , only a few Precambrian paleopoles can be considered reliable and well dated.
nevertheless, several paleomagnetic results from Archean and Paleoproterozoic rocks, supported by field tests, suggest that the geomagnetic field has existed since at least 3.5 Ga (Merrill et al., 1998) , and paleomagnetism is a valuable tool for ancient paleogeographic reconstructions. Additionally, recent paleointensity studies, estimates of secular variations of the Archean-Paleoproterozoic geodynamo (Smirnov and tarduno, 2004) , and magnetostratigraphy patterns in Paleoproterozoic sedimentary rocks (Pisarevsky and Sokolov, 2001 ) all indicate that the Archean and Paleoproterozoic geomagnetic field had characteristics similar to the present field.
table Dr1 2 contains selected paleopoles from the Archean Kaapvaal and Superior cratons and from the two Paleoproterozoic continents of Baltica and Australia, which were assembled in the late Paleoproterozoic. We selected only those poles that allow coeval comparisons of these blocks at two different time intervals (Fig. 2) . Most of these poles were retrieved from stratified rocks, undeformed and layered igneous intrusions, or near-vertical dikes, so their paleohorizontals are interpreted as either barely changed or easily restorable. the primary nature of these results is supported by field tests, rock magnetic studies, and/or evidence such as bipolar magnetization especially with a magnetostratigraphy pattern. For each of the pole pairs shown in Figure 2 , one continent is fixed and the two polarity options are shown for the alternate block. longitude is unconstrained for both blocks, meaning that they could occur at any longitude at the prescribed latitude for that time interval. even with these restrictions, Figure 2A demonstrates a significant difference between the relative paleopositions of Kaapvaal and Superior at 2680 and 2070 Ma, with both latitudinal displacement and azimuthal rotation occurring during this time interval. Figure 2B also suggests that displacements and rotations occurred between Baltica and Australia between 1770 and 1500 Ma. Both examples demonstrate that continents drifted independently, requiring the generation and consumption of lithosphere between these blocks on a constant-radius earth. importantly, in both examples, angular and latitudinal differences show minimal relative movements and maximum age range for movements between the two pairs of continents. real movements were likely more complicated and occurred over shorter time frames. Other examples are given in Pesonen et al. (2003) . the development of several linear ca. 1.8 Ga and ca. 1.0 Ga collisional orogenic belts was instrumental in the formation of proposals for global late Paleoproterozoic and end Mesoproterozoic supercontinents (Zhao et al., 2002; Hoffman, 1991) , but their exact configuration is disputed because of the paucity of reliable well-dated paleomagnetic poles.
eViDeNce for Pre-NeoProteroZoic SubDuctioN, oPhioliteS, AND SeAfloor SPreADiNG the Paleoproterozoic trans-Hudson orogen in canada, the Svecofennian orogen in SW Finland, and the Mazatzal-Yavapai orogens in southwestern laurentia provide excellent examples of modern-style subduction tectonics. the trans-Hudson orogen contains an accretionary collage of distinct tectonostratigraphic terranes consisting of ocean floor, ocean plateau, and island-arc assemblages that record ongoing subduction and accretion at 1.92-1.84 Ga (lucas et al., 1996) . this history is corroborated by field observations, petrological, chemical, and isotopic data (e.g., Stern et al., 1995) , as well as suture-zone Figure 1 . Precambrian tectonic regimes may have ranged from normal subduction similar to Phanerozoic Earth (top panel), to a modified form involving shallow subduction of thickened, more buoyant, oceanic lithosphere (middle panel), to a setting dominated by mantle plumes (bottom panel). On modern Earth, both plate-and plume-related mechanisms operate, and it is likely that a similar relationship existed on early Earth. In three dimensions, plate tectonic boundaries for linear belts are tied to, and influence, asthenospheric convection, whereas in plume settings, the lithosphere moves over generally fixed zones of asthenospheric upwelling.
geometry recording final collision with the Superior craton as revealed by seismic reflection profiling (White et al., 2002) . Paleomagnetic data from the trans-Hudson orogen were interpreted by Symons and Harris (2005) to suggest that the Archean Hearne and Superior cratons were separated by the ~5500-km-wide Manikewan ocean during ca. 1875-1855 Ma but that this ocean had closed by ca. 1815 Ma because of subduction beneath the Hearne craton and generation of a continental margin arc. the trans-Hudson orogen also contains one of the best-preserved and most unequivocal Paleoproterozoic ophiolites, the Purtuniq complex (Scott et al., 1992) . this shows that seafloor spreading and associated oceanic-crust formation was an established mechanism of plate tectonics by at least 2 Ga. the Svecofennian orogen in SW Finland is interpreted to involve opening of an ocean around 1.95 Ga and progressive accretion of arc complexes to the Karelian craton ca. 1.91-1.87 Ga, followed by extensional collapse (nironen, 1997) . Some of the accreting terranes probably had older cores that acted as crustal indentors during the collision; extensional collapse at a late stage, as seen in modern orogens, has also been inferred (Korja and Heikkinen, 2005) . the belt contains a dismembered suite of mafic and ultramafic rocks, known as Jormua ophiolite, interpreted to represent a practically unbroken sample of seafloor from an ancient ocean-continent transition zone (Peltonen and Kontinen, 2004) .
Between 1.8 and 1.2 Ga, a series of well-developed convergent margin accretionary orogens formed along the margin of a combined laurentia and Baltica (e.g., Karlstrom et al., 2001 ). Geochemical and isotopic data from the accretionary Mazatzal and Yavapai provinces indicate that juvenile volcanic sequences formed in oceanic arcs or arcs built on only slightly older crust and include the 1.73 Ga Payson ophiolite, which is interpreted to have formed in an intra-arc basin (Dann, 1997) .
the trans-Hudson, Svecofennian, and Mazatzal-Yavapai orogens provide evidence for plate convergence lasting tens of millions of years and producing rock assemblages strikingly similar in rock type, structural evolution, and tectonic setting to modern plate boundary zones such as those in the southwest Pacific. Such similarities for these and other Precambrian orogens have been pointed out by many authors (see summaries in Windley, 1995; condie, 2005) . Ophiolites such as those at Purtuniq, Jormua, and Payson occur within this convergent plate margin framework, and we argue against the ideas of Stern (2005) that such ophiolites only record short-lived or aborted seafloor spreading, as well as those of Moores (2002) that ophiolites older than ca. 1 Ga are fundamentally different from those of younger times.
Ocean-crust subduction in the present plate tectonic regime ultimately produces high-pressure metamorphic assemblages (Fig. 1, top panel) , including eclogites, and such rocks are now increasingly recognized in pre-neoproterozoic terranes. examples of Paleoproterozoic and inferred Archean eclogites derived from a mid-oceanic-ridge-type protolith and prescribed to oceanic lithosphere subduction have been described from tanzania and russia, respectively (Konilov et al., 2005; Möller et al., 1995; Volodichev et al., 2004) . exhumation rates Table DR1 (see text footnote two). For each time interval, the position of the Kaapvaal craton is fixed, and the two polarity options are shown for laurentia (light and dark pink). (B) Paleolatitudinally constrained positions for Baltica (purple) and Australia (orange) at 1500 Ma and 1770 Ma, based on data in Table  DR1 . For each time interval, the position of Baltica is fixed, and the two polarity options are shown for Australia (light and dark orange). Multiple copies of Superior and Australia for each option shown in (A) and (B) highlight latitudinal uncertainty in craton position. lines of longitude and latitude are shown in 30° increments. Arrows indicate present-day north. Reconstructions prepared using utilities from the Visual Paleomagnetic Database (Pisarevsky and McElhinny, 2003) .
of the tanzanian examples are similar to Phanerozoic eclogite and blueschist terranes (collins et al., 2004) . M. Brown (2006, personal commun.) has pointed out that ultrahigh temperature granulite metamorphism occurs from the late neoarchean to early Paleozoic and is inferred to have developed in settings analogous to modern backarc and arc settings. complementary belts of medium-temperature eclogite-high-pressure granulite metamorphism span a similar time range and are related to subduction or collision zone metamorphism. the presence of these dual Precambrian high-pressure and high-temperature assemblages is similar to the metamorphic patterns of modern convergent plate settings.
there have been numerous attempts to link Archean granitegreenstone terranes to modern-style plate tectonic processes (e.g., Kerrich and Polat, 2006) , and although unambiguous Archean ophiolites with sheeted dyke complexes have not been convincingly documented, the Superior Province of the canadian Shield is arguably the best documented example for late Archean arc formation and accretion (Kerrich and Polat, 2006) . the various components of this province were assembled progressively from north to south during discrete orogenic events. there is also seismic evidence for a late Archean subducted slab beneath part of the Abitibi belt (Fig. 3; calvert et al., 1995 ). cook et al. (1999 seismically documented what can be interpreted as a frozen east-dipping subduction surface associated with magmatic arc development as a result of Paleoproterozoic plate convergence on the margin of the Slave craton in the northern canadian Shield. Seismic data also reflect arc accretion in the Svecofennian orogen of Finland (Korja and Heikkinen, 2005 ). Hamilton's (2003) view of greenstone belts representing anastomosing networks of upright synforms between large, diapiric, composite batholiths is not compatible with many field relationships, particularly those in West Greenland (e.g., Myers and Kröner, 1994; Friend and nutman, 2005) and southern Africa (De Wit and Ashwal, 1997) , which show significant horizontal shortening consistent with horizontal plate tectonic motion. A particularly well-documented example occurs in the nuuk region of southwest Greenland and shows evidence for extensive late Archean thrust imbrication (Fig. 4) . Both vertical and horizontal tectonic processes are likely to have operated in the Archean, and plate tectonic processes can also be assumed from linear structural patterns that extend for hundreds, if not thousands, of kilometers across some Archean cratons (Van Kranendonk, 2004) . The subduction zone across which the collision occurred is preserved as a fossil subducted oceanic slab. The features are identical to those expected from a modern collisional orogen. unlabeled colors: green-greenstone belts; pink-plutons; blue-tonalitic gneiss and mid-lower crust of the Opatica belt; yellow-metasedimentary rocks of the Nemiscau subprovince. lines indicate interpretation of major features between and within the major tectonic elements crossed. The dipping slab in white, bounded by lines, should be identified as a relict Archean oceanic slab. Modified from Calvert et al. (1995) ; image provided by Ron Clowes. 
GeochemicAl eViDeNce
Many Precambrian magmatic sequences show remarkable geochemical, petrological, and isotopic similarities to modern subduction environments (condie, 2005) , implying formation in an analogous setting. the paucity of well-developed forearc basin and subduction complex assemblages in association with some pre-neoproterozoic magmatic arcs likely reflects their erosion and recycling through subduction erosion (D.W. Scholl and r. von Huene, 2006 personal commun.) rather than the absence of convergent plate margin processes. indeed, given that subduction erosion may have operated through time, as proposed by these authors, the preservation of any Precambrian arc systems is remarkable.
A particularly well-documented example is the Paleoproterozoic trans-Hudson orogen of the canadian Shield, where subduction-related assemblages have trace element signatures almost identical to those found in rocks of modern intra-oceanic arcs (e.g., Stern et al., 1995) . Boninitic rocks, similar to those occurring in modern forearc settings, were also reported from this orogen (Wyman, 1999) , from the 3.12 Ga Whundo assemblage in the Pilbara (Smithies et al., 2005) , and from the >3.7 Ga isua greenstone belt (Polat and Kerrich, 2004 (Abouchami et al., 1990) , the 2.45-1.9 Ga Pechenga-Varzuga belt in the Kola Peninsula of russia (Sharkov and Smolkin, 1997) , and the 1.8-1.6 Ga Mazatzal and Yavapai provinces of the southwestern United States (Karlstrom et al., 2001) .
Finally, chemical and oxygen isotope systematics in diamond-bearing eclogites from the mantle underneath the Archean Man and Guyana Shields suggest that subduction was operating at least since the neoarchean because anomalously high oxygen isotope values are interpreted to reflect alteration on the ancient seafloor prior to subduction and deep tectonic burial (Schulze et al., 2003) .
Undoubtedly, conditions in the early earth differed from the Phanerozoic (e.g., Davies, 1999; condie, 2005) . For example, higher mantle temperatures probably led to great degrees of melting at mid-oceanic ridges, which, in turn, resulted in thicker oceanic crust of likely picritic composition and perhaps flatter-dipping subduction zones ( Fig. 1 ; Foley et al., 2003; Smithies et al., 2003) . However, numerous studies involving geochemical modeling have also emphasized the role that subduction of oceanic lithosphere played in magma generation and construction of continental lithosphere in the Archean (e.g., Mcculloch and Bennett, 1994; Foley et al., 2003) . Generation of tonalite and trondhjemite, the most widespread and oldest rocks in the Archean (Hamilton, 2003) , requires melting of hydrated oceanic crust, and seafloor spreading and subduction are the most efficient mechanisms for this process (Kerrich and Polat, 2006) . Furthermore, Kerrich and Polat (2006) summarized the occurrence of cenozoic-type active margin associations in the Archean, including boninites, Mgandesites, and adakites and concluded that arc-trench migration occurred at this time. Although heat flow is inferred to have been higher in the Archean, numerical modeling by van thienen et al. (2005) shows that for a steadily (exponentially) cooling earth, plate tectonics is capable of removing all the required heat at a rate similar to, or even lower than, the current rate of plate movement.
metAl DePoSit eViDeNce
Ore deposits are a consequence of the tectonic setting in which they occur, and numerous examples have been described where pre-neoproterozoic mineralizations resemble Phanerozoic deposits related to subduction environments (Kerrich et al., 2005) . examining global orogenic gold deposits, Goldfarb et al. (2001) observed that the important periods of Precambrian orogenic gold deposit formation, ca. 2.8-2.55 and 2.1-1.8 Ga, correlate well with episodes of growth of juvenile continental crust. Similar characteristics of the Precambrian orogenic gold ores to those of Phanerozoic age have led to the premise that cordilleran-style plate tectonics were also ultimately responsible for these deposits (Kerrich et al., 2005) .
Porphyry cu deposits show one of the clearest relationships to subduction magmatism (Kerrich et al., 2005) and are found back to 3.3 Ga in age (Barley, 1982) . their metallogenetic, petrologic, and structural features seem to have changed little through time, suggesting that broadly similar tectonomagmatic processes were responsible for their formation (Seedorf et al., 2005) .
Other deposits that have a well-defined tectonic and environmental signature reflecting a subduction setting are the 2.7 Ga volcanogenic massive sulfide (VMS) cu-Zn deposits such as Kidd creek and noranda in the Abitibi belt in the canadian Shield (Wyman et al., 1999a (Wyman et al., , 1999b and the Paleoproterozoic VMS deposits in the trans-Hudson orogen (Syme et al., 1999) and in the Svecofennian of Sweden (Allen et al., 1996) . the oldest known subduction-related VMS deposit is probably the 3.46 Ga Big Stubby deposit in the Warrawoona Group of the Pilbara craton, Western Australia (Barley, 1992) .
A synthesis of metallogenetic provinces of all ages led Kerrich et al. (2005) to conclude that plume intensity was more widespread and voluminous in the Archean than in later times, but that many ancient metal deposits have remarkable affinities to modern plate margin processes, suggesting that some form of plate tectonics has operated.
WheN DiD PlAte tectoNicS beGiN?
the accretion of earth ca. 4.55 Ga, its differentiation into core, mantle, and crust, and its consequent thermal history requires an evolving tectonic regime. Horizontal movement, a component of plate tectonics, becomes important at the surface following the formation of a stiff lithosphere. Although no record of earth's lithosphere during its first 550 m.y. is preserved, ti-thermometry and oxygen isotope data for the oldest known detrital zircons from Jack Hills, Western Australia, imply that a cool water-laden surface may have existed by ca. 4.4 Ga (Watson and Harrison, 2005) . this suggests that a rigid lithosphere, a prerequisite for plate tectonics, also existed by this time. the isotopic systematics of these old Jack Hills zircons indicate formation in a continental environment characterized by calc-alkaline magmatism and crustal anatexis, features seen in modern earth in convergent margin settings, implying that subduction may have been established by 4.4 Ga (Harrison et al., 2005) . contrary to Hamilton (2003) , structural styles in the oldest tonalite-trondhjemite-granodiorite (ttG) gneiss assemblages resemble those in younger orogenic belts (Myers and Kröner, 1994; Windley, 1995; nutman et al., 2002) , and although there are Archean greenstone sequences resting on older ttG crust, the majority of greenstone-gneiss contacts is tectonic, and the oldest known greenstone sequences, in southwest Greenland, do not have a felsic basement (Appel et al., 2003) . the scarcity or absence of ≥3.5 Ga detrital zircons in early Archean greenstone sediments suggests these rocks formed in juvenile accretionary environments (e.g., nutman et al., 2004) . the well-preserved 3.0 Ga ivisaartoq greenstone belt in West Greenland is interpreted as one of the best documented examples of Archean forearc crust .
condie (2005) argued that the major phases of juvenile continental crust generation at 2.7 and 1.8 Ga were mantle plume-related and thus overlapping with evidence for plate tectonic regimes, which likely existed since at least the Mesoarchean (Smithies et al., 2005; Barley, 1992) but perhaps back to the early Archean (nutman et al., 2002; Polat and Kerrich, 2004) , as supported by boninitic komatiites from the Barberton greenstone belt (Parman et al., 2003) . this suggests a spatial and temporal variation in the switch from a plume to plate regime and is consistent with geodynamic modeling that implies a period of oscillation between the two modes before plate tectonics became dominant (Muhlhaus and regenauer-lieb, 2005) .
coNcluSioNS
Paleomagnetic, geological, geochemical, metamorphic, seismic reflection, and geochronological data from Archean and Paleoproterozoic rock units require relative lateral movement of lithosphere and the subduction of oceanic lithosphere to generate arc magmas, mineral deposits, and eclogites. these data, in our view, require a tectonic regime of lithospheric plates similar to the Phanerozoic earth; any arguments against a plate tectonics scenario must provide viable alternative mechanisms for their generation. Happy birthday to our 100-year-old Senior Fellow! Edward C. Dapples of Peoria, Arizona, will be celebrating his centennial this year. GSA extends our best wishes and proudly honors his 60-plus years of GSA membership. ited to, fossil age dating and the study of evolutionary faunal successions), stratigraphy and stratigraphic correlation, paleogeography and paleobiogeography, interpreting past environments of deposition and their biological significance, and the integration of these research areas into better global understanding of (1) past plate motions (plate tectonics and seafloor spreading); (2) past sea level events, including their identification and ages; and/or (3) climate changes and effects of those climate changes on earth's inhabitants through geologic time. there should be, over time, a balance of money among the awards across these various subject subfield categories, depending on the merit of the annual project proposals. the 2006 recipient is Faysal Bibi, Yale University, for "evolution and paleoecology of late Miocene Bovidae." if you would like to honor a friend or colleague with a memorial, please send it as a Microsoft Word-compatible file via e-mail to awards@geosociety.org. the text should be limited to about 2,000 words and include a selected bibliography of the decedent's works in the earth sciences. Published memorials also include a photo, so please send a picture of the person you are memorializing, either as a high-resolution jpg attached (as a separate file) to your e-mail or a glossy photograph sent via post. complete guidelines for compiling your memorial can be found at www.geosociety.org/grants/index.htm.
THANKS FOR YOUR MEMBERSHIP

Managing Drought and Water Scarcity in Vulnerable Environments
Creating a Roadmap for Change in the United States
the following is a list of GSA members who have passed away since 2003 for whom no memorial has been written. Bold names signify those who passed away in the last year; asterisks with these indicate a memorial is in progress. recovering 1500 feet of salt water with signs of cottonseed oil the first time i authorized a drill stem test for Amoco.
GSA FOunDAtiOn
-David e. Dunn GSA Student research Grants come Full circle recently, the GSA Foundation received a bequest from ruth Jackson, the grandmother of a GSA Student Member, Alberto reyes. reyes, a graduate student at the University of Alberta, has been awarded, as he puts it, "very generous research funding from GSA graduate research grants." His grandmother's bequest will in turn go into the GeoStar fund, which is the permanent endowment fund for research grants, and will provide support for future student research. Other topics of reyes' research include "tree-ring dating of little ice Age glacier advances and associated ice-damaged lakes in Kluane national Park and reserve, Yukon territory, canada (Geological Society of America Abstracts with Programs, v. 35, no. 6, p. 133) , and "insights into last interglacial Beringian paleoclimate from tree-rings and stable isotopes" (for which he received his most recent grants). each year the GSA Foundation provides ~US$100,000 from several funds for the GSA research Grants program. the total amount of Foundation funding toward the GSA research grants for 2006 was US$108,700.
GeoScience Day at Philadelphia the GSA Women and Minorities committee will be sponsoring GeoScience Day for Philadelphia middle-and high-school minority students. A lunch will be provided for the students, along with a tour through the GSA Annual Meeting exhibit area and a session with a professional geologist.
if you would like to help support this special event and introduce some students to the profession, please send your contribution to the GSA Foundation. A check-off box has been provided below, or you may donate via our new Web site, www.gsafweb.org. Please note that your donation is for GeoScience Day.
GSA Foundation has a new Web page! Go to www.gsafweb.org to learn more about the Foundation's history, its mission, how to make a donation, current events, contact information, and more! You can also access the latest annual report and learn about the current Board of trustees.
2007-2008 Committee Vacancies
GSA is seeking candidates to serve on Society committees and as GSA representatives to other organizations. council encourages you to volunteer or nominate others for committee service. Graduate students are eligible to serve on GSA committees as full members. Whether you volunteer or make recommendations, please give serious consideration to the specified qualifications for serving on a particular committee. the position descriptions and qualifications are listed in the March and June issues of GSA Today and can be found on the Web at www.geosociety.org/aboutus/ commtees/0708vacancies.htm. Please be sure that your candidates are GSA Members or Fellows and that they fully meet the requested qualifications.
the nomination form and instructions are available at www. geosociety.org/aboutus/commtees. click on "nominate Online nominations must be received at GSA headquarters by 1 August 2006 (on the official form) to be forwarded to the committee on nominations.
AcADemic AND APPlieD GeoScieNce relAtioNS committee (Am, t/e)-3-yeAr termS
Nine vacancies: eight member-at-large; one councilor/former councilor ANNuAl ProGrAm committee (Am, b/e, t/e) -4-yeAr termS One councilor/former councilor vacancy
Arthur l. DAy meDAl AWArD (t/e)-3-yeAr termS
Two member-at-large vacancies eDucAtioN (Am, t/e)-4-yeAr termS Three vacancies: one undergraduate level educator; one student representative; one member-at-large GeoloGy AND Public Policy (Am, b/e, t/e) -3-yeAr termS Two member-at-large vacancies hoNorAry felloWS (t/e)-3-yeAr termS Two member-at-large vacancies 
miNoritieS AND WomeN iN the GeoScieNceS (Am)-3-yeAr termS
Three member-at-large vacancies
NomiNAtioNS (b/e, t/e)-3-yeAr termS
Two member-at-large vacancies
PeNroSe coNfereNceS AND fielD forumS (t/e) -3-yeAr termS
PeNroSe meDAl AWArD (t/e)-3-yeAr termS
Two member-at-large vacancies ProfeSSioNAl DeVeloPmeNt (t/e)-3-yeAr termS Two vacancies: one student representative; one councilor/ former councilor Jerome V. DeGraff USDA Forest Service Fresno, california Diane r. Smith trinity University San Antonio, texas the Kerry Kelts research Awards of the limnogeology Division the application process for the Kerry Kelts research Awards of the limnogeology Division is now open. these awards are named in honor of Kerry Kelts, a visionary limnogeologist and inspiring teacher. Up to three awards of US$300 each for use in research related to limnogeology, limnology, and paleolimnology are available. Application for this award is simple and consists of a summary of the proposed research, its significance, and how the award will be used (five-page maximum). Please send your summary in PDF format along with your name and associated information to the chair of the limnogeology Division, thomas c. 
GSA Adds new Division: Geoinformatics
You may now choose from 17 Divisions to match your specialty (and join more than one)! GSA's newest Division, Geoinformatics, was approved by council at its April 2006 meeting.
Geoinformatics is a science discipline that utilizes cyber products and tools and the discovery of data and models for exploring integrative solutions to complex earth and planetary systems questions. the purpose of this new Division is to bring scientists interested in geoinformatics together and to stimulate communication among earth scientists and computer scientists. it is intended to facilitate the presentation and discussion of problems and ideas and to promote research and the publication of results. this Division will also advance the development of new educational technologies, supporting workshops for the community so that it may benefit from the technological and scientific infrastructure, thereby advancing integrative science.
to join one or more GSA Divisions, go to www.geosociety.org/sectdiv/ or contact GSA Sales and Service +1-303-357-1000 option 3 gsaservice@geosociety.org.
K
eith Howard has completed his term as GSA Today science editor (many thanks for all the good work, Keith!). Howard, a research geologist with the U.S. Geological Survey in Menlo Park, california, has been a GSA Fellow since 1972, and served as an associate editor of GSA Bulletin from 1988 to 1990.
Stepping in as our new science editor is Stephen t. Johnston, associate professor in the School of earth & Ocean Sciences at the University of Victoria in British columbia. Johnston, a structural geologist, says his research is "rooted in field-based geological mapping of key parts of mountain belts, including the cordillera of western north America." His research goal is "to understand and elucidate the processes that shape mountain belts and to define the role of mountains in the evolution of earth's atmosphere, biosphere, continental lithosphere, and deep mantle." As a GSA Today science editor, Johnston aims to "bring forward articles that appeal to as broad an audience as possible and that spark debate within our community regarding the major societal and scientific questions facing the earth sciences."
Johnston will serve as co-editor with Gerry ross, whose term runs through 30 June 2007.
Gerry ross left the Geological Survey of canada in August of 2004. He is currently using the earth systems approach and applies principles of soil science, aqueous geochemistry, and geomicrobiology to organic agriculture on Maui. He is still part of the Windermere consortium, an industry-natural Sciences and engineering research council collaborative project examining turbidites of the Windermere Supergroup in western canada as an analog for modern deep water turbidite systems, but he spends most of his time trying to grow a good cup of coffee.
GSA Today science editors are charged with obtaining high-quality, focused articles that collectively reflect and summarize current topics and discoveries in the earth sciences. All submissions, whether solicited or volunteered, are reviewed. to submit a science article to GSA Today, send your manuscript and figures via email directly to Gerry ross, lavaboy@ hawaiiantel.net, and Stephen Johnston, stj@uvic.ca.
• A year-round online applicant database Marine impact craters on earth: Field investigation of the Wetumpka impact structure, a well-preserved marine impact crater, and the K-t boundary in the Alabama Gulf coastal Plain
8-11 march 2007
Description: the objective of this field forum is to discuss the origin, development, preservation, and recognition of marine target impact craters on earth. During the field excursions, we will examine a well-exposed marine-target impact crater at Wetumpka, Alabama, and visit one or more localities with distant ejecta from the marine-target chicxulub crater. We will examine some drill cores from Wetumpka impact structure as well.
For most of the geological history of our planet, more than twothirds of the surface has been covered by lakes, seas, and oceans. consequently, the same fraction of the cosmic objects striking earth will have fallen in these aquatic environments. if the water is shallow enough, relative to the diameter of the projectile, a crater can form on the seafloor. this "marine-target" crater can be preserved and can show many special features produced by the water. Such marine-target craters can provide valuable information about the environment at the time of the impact, even long after the sea in which it formed has disappeared.
Marine-target crater characteristics have been obtained from drilling, sampling, and different geophysical methods. Sedimentation subsequent to the impact event has completely covered or subdued the topographic expressions of almost all the known marine-target craters on earth. this hampers their detection because the surface expression is mostly absent unless later exposed due to subsequent erosion (e.g., the lockne crater, Sweden). Wetumpka may be an exception; geological data indicate that the rim may have been exposed since the time of its formation. Many craters are only visible in seismic or drill core data. A benefit of sediment cover is that it provides the crater with good protection against later erosion once the seafloor is subaerially exposed; thus, some marine-target craters are among the bestpreserved craters in the world.
Outline: this field forum is centered around two field days during which we will examine surface exposures that reveal various aspects of the marine target nature of the Wetumpka impact structure. We will also visit nearby exposures of K-t boundary sections that contain distal ejecta and tsunami deposits. Selected parts of Wetumpka crater drill cores will also be examined.
Venue:
We plan for discussions and presentations to take place in the new Wetumpka, Alabama, city civic center, and participants will stay at a local motel. For more information on Wetumpka, "the city of natural beauty," please visit the city Web page at http://wetumpka.al.us/.
Access: the majority of outcrops within Wetumpka impact crater are on the sides of well-maintained paved roads. At the K-t boundary exposures, some low-impact hiking is required and there may be a steep slope to traverse in muddy conditions. transportation will be by van or small buses.
Wetumpka, Alabama, is served mainly by the major international hub airport in Atlanta, Georgia, but there is also a closer regional airport in Montgomery, Alabama. We plan to assist participants with transportation to and from these airports.
Application Deadline: 8 December 2006.
Geoscientists of all specializations with an interest in marine target impacts and impact effects are encouraged to apply. Potential participants should send a letter of application via e-mail to David King (kingdat@auburn.edu) that includes a very brief statement of interests and the relevance of the applicant's recent work to the themes of the meeting. invitations will be e-mailed to participants in a timely manner. there will likely be a registration limit of 25 to 30 persons. According to GSA rules, all attendees must be participants; there is no spouse program.
Registrants with Special Needs: if you require special arrangements or have special dietary concerns, please contact David King. However, as noted above, applicants should keep in mind that there are some modest physical demands inherent in the planned excursions.
Artist's conception of Wetumpka impact crater during the early modification stage (after water resurge and collapse of southern rim). Painting by Jerry Armstrong.
in a paper first presented to the Society at its annual meeting on 29 December 1909 (published in GSA Bulletin on 5 July 1910, v. 21, p. 339-406) , lawrence Martin describes the 3-29 September 1899 earthquakes in the Yakutat Bay region, Alaska. He states that seismographs as far away as South Africa and italy recorded the shocks, "several of which equaled, and one (September 10) far surpassed, the 1906 california earthquake in duration and amplitude" (p. 342). Plate 29 includes a comparison of the seismographs recorded in catania, italy, for both the 10 September Alaska "great earthquake" and the 18 April 1906 San Francisco earthquake. Martin is quick to report, however, that "in this wilderness portion of Alaska there was no serious property damage and no recorded loss of life" (p. 342). local observers of the earthquakes included prospectors, a ship's captain in Yakataga, 100 miles to the west, and telegraph operators along the Klondike trail. Shocks were felt across an estimated 216,000 mi 2 .
For the earthquakes on 3 and 10 September, and then for those from 11 to 29 September, Martin includes detailed accounts by observers as close as the coast of the proposed epicenter, Disenchantment Bay, and as far away as the lower Yukon river, 730 miles to the west-northwest. two-hundred and ten miles away, a U.S. Army captain described the shock of 3 September as causing "groves of cottonwoods to wave like wheat" (p. 351). Prospectors at the "very origin of the earthquake … counted 52 shocks on 10 September, culminating in the great earthquake at noon" (p. 359). their accounts include an observation of a wave about 20 feet high rushing onto shore, washing several men up onto a moraine, followed by a second wave 20 or 30 feet high. Multiple avalanches were observed, and changes in the level of the land included "uplifts of … 40 to 47 feet on the northwest side" of Disenchantment Bay. Seventeen miles to the southeast, "minor faulting broke a hill into strips" (p. 361).
Much seismographic data is recorded in this paper, and an extensive comparison to other Alaskan earthquakes is included.
lawrence Martin accompanied the U.S. Geological Survey party during its field observations in the summer of 1905 as special assistant in physiography and glacial geology. 19 0 6 S a n Fr a n ci sc o Ea rt h q u a ke C e n te n n ia l Fi e ld G u id e s The twenty fi eld trip guides in this volume represent the work of earthquake professionals from the earth science, engineering, and emergency management communities. The guides were developed to cross the boundaries between these professions, and thus refl ect this diversity: trips herein focus on the built environment, the effects of the 1906 earthquake, the San Andreas fault, and other active faults in northern California. 
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DAYS OF EARTHQUAKES
VISITING ASSISTANT PROFESSOR OF GEOLOGY
UNION COLLEGE The Geology Department at Union College seeks to fill a 1 2/3-yr position from January 2007 through June 2008. We seek a dynamic teacher and scholar with a research background in one or more of the following fields: Geomorphology, Glacial Geology, Oceanography, Paleoclimatology, and/or Paleolimnology. The successful candidate will be expected to teach introductory level courses in Environmental Geology, Global Climate Change, Natural Disasters, or Oceanography, and upper level courses in their areas of expertise. Union College is a selective liberal arts college with a strong tradition of science and engineering at the undergraduate level. The Geology Department is very well equipped with analytical instrumentation, and has a strong record of studentfaculty research. More information about Union College is available on the web at http://www.union.edu.
We will begin reviewing applications on 15 August 2006. To apply, please send a cover letter along with resume, list of publications, teaching and research statements, and a list of contact details for three references. Send application material to: John I. Garver, Chair, Department of Geology, Union College, 807 Union St., Schenectady NY 12308-2311, USA.
Union College is an equal opportunity employer and strongly committed to student and workforce diversity. As a university that educates students of various ethnic and cultural backgrounds, we value a diverse faculty and staff. CSU, Chico welcomes applicants who are knowledgeable about and interested in working within a cross-cultural learning environment. Minimum Qualifications: 1. Possess a Ph.D. in Geology or have completed everything but the dissertation. 2. Demonstrated ability to teach General Education courses and lower and upper-division courses for majors. Preference will be given to those applicants with prior university-level teaching experience. Responsibilities: 1. Provide lecture and laboratory instruction in lowerdivision and upper-courses in the geosciences. These courses may include general education courses and/or other courses in the major, including General Geology, Physical Geology, Environmental Geology, Geologic Evolution of North America, and Report Writing.
CALIFORNIA STATE UNIVERSITY-CHICO FULL-TIME TEMPORARY FACULTY POSITION IN GEOLOGY
Rank: Lecturer B Salary: $45,156-$56,928
The Department: The Department of Geological and Environmental Sciences includes 14 full-time faculty and about 25 graduate and 120 undergraduate majors and offers programs leading to a degree in geology, a degree in Geosciences with options in hydrology and science education, and a degree in Environmental Science. The Department has a wide range of field and laboratory equipment for research and instruction in all the above disciplines. The Department also maintains a computer laboratory equipped with Sun and IBM workstations for student and faculty use. Campus support services, such as the library, are easily accessible. Closing Date: Review will begin immediately and will continue until the hire is completed. How to Apply: Qualified applicants should mail to the address below, a letter of application which includes complete academic transcripts (unofficial, verifiable transcripts are acceptable), three letters of reference, and a curriculum vitae. Submissions by email will not be accepted. Dr. Richard A. Flory, Chair Department of Geological and Environmental Sciences California State University, Chico Chico, CA 95929-0205, USA Department Office: +1-530-898-5262 Department URL: http://rigel.csuchico.edu
Opportunities For Students
Ph.D. student opportunity-Deformation modeling. We seek a student to investigate deformation and stress of the M9 Sumatra-Andaman earthquake via finite element models. This is an excellent opportunity for an outstanding, energetic, and creative student to investigate coseismic and transient postseismic processes and tsunamigenesis. Previous experience with finite element models is NOT required. However, the prospective student must have a solid background in Earth science. The position is scheduled to begin in August 2006, but can begin later if necessary. A variety of support options are available. If interested, please contact Dr. Tim Masterlark (masterlark@geo.ua.edu) at The University of Alabama.
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